Background: Cardiovascular (CVD) risk management post myocardial infarction is inconsistently delivered with those who need the most receiving the leastthe 'inverse care law.' The Acute PREDICT Initiative is a nurse led computerised decision support system (CDSS), to provide point-of-care guideline-based, patient-specific CVD risk management recommendations to all. Methods: All patients admitted to Middlemore Hospital CCU over 2 years with acute CVD-related events potentially 'eligible' for PREDICT assessment were identified. Age, gender, ethnicity and a small area measure of socioeconomic status (NZDep01) were assessed. Results: 1813/2246 (81%) of people admitted were eligible for a PREDICT assessment. Of those, 973 (54%) received a complete assessment. There were no important differences by quintile of deprivation or ethnicity between the patients receiving PREDICT and the rest. PREDICT assessments were less likely for the elderly (35.7% of N75 years compared with 57.7% of b75 years), for women (47.1% of women and 56.5% of men), and for those who had 5 or more previous admissions. Conclusions: Patients potentially at higher risk because of their ethnic or socioeconomic background received equitable access to in-hospital CVD risk management post MI using PREDICT. However, some other high-risk groups under-utilised the system.
Introduction
Cardiovascular disease (CVD) is the leading cause of death and hospitalisation for New Zealanders. CVD increases with age and it occurs earlier in men than in women but there are also major disparities in cardiovascular health outcomes by ethnicity and by socioeconomic deprivation. Age specific coronary disease mortality rates for Māori and Pacific people are 2-3 times those of non-Māori, non-Pacific [1] , with a similar magnitude of increased risk in the most deprived compared to the least deprived [2] . Those who suffer a CVD event such as a myocardial infarction are at very high risk for further events. However, this risk could be reduced by as much as 80% with a healthy eating pattern, smoking cessation, physical activity and effective preventive medications [3] . An acute admission following an ischaemic event is a crucial time to start this management.
Cardiac rehabilitation, started in-hospital (Phase I) and continued in the out-patient setting (Phase II) aims to achieve optimal CVD risk management. Unfortunately local and international evidences suggest that those who stand to gain most from cardiac rehabilitation are less likely to attend or complete out-patient rehabilitation programs. This is a common problem throughout most healthcare systems and across most healthcare conditions and is known as the 'inverse care law' [4] . Groups at risk who are less likely to receive appropriate care include people from lower socioeconomic backgrounds, highrisk ethnic backgrounds and younger patients [5] [6] [7] but there is European Journal of Cardiovascular Nursing 9 (2010) 233 -237 www.elsevier.com/locate/ejcnurse no local published data available on inequality in access to inhospital (Phase I) cardiac rehabilitation. However, with the increasing complexity and volume of patients coming through cardiology services, reduced length of stay, increasing number of less experienced staff and the under funding and poor resourcing of cardiac rehabilitation services our local audits suggest many patients miss out on in-hospital CVD risk management advice. More systematic approaches to secondary prevention in acute cardiac care are needed. Motivated by these factors the Acute PREDICT Initiative was introduced in 2004 to facilitate evidence-based cardiovascular risk management run by nursing and junior medical staff in the Middlemore Hospital Coronary Care Unit (CCU). Middlemore Hospital is the base hospital for a multicultural population of nearly 500,000 people in South Auckland. Approximately half of these people are classified as living in the highest quintile of socioeconomic deprivation in NZ. Central to the Acute PREDICT Initiative was the use of a computerised decision support system (CDSS). PREDICT-CVD, a web-based tool designed to facilitate cardiovascular risk assessment and evidence-based management, has been developed in New Zealand and implemented in primary care [8] . The PREDICT-CVD programme facilitates systematic cardiovascular risk assessment and provides 'moment-of-care' evidence-based patient-tailored decision support for clinicians and patients. The system uses national guidelines for the management of cardiovascular risk for those with or without a previous CVD event. PREDICT-CVD has been shown to be an effective tool for increasing CVD risk assessment in routine NZ practice equally among Māori and non-Māori [9] .
The aim of this study was to investigate whether ethnicity, socioeconomic deprivation or other patient factors influence whether patients will be assessed and managed by the cardiology team using Acute PREDICT in the CCU.
Methods
The aim of the Acute PREDICT Initiative was to develop a program utilising CDSS, run by nursing and junior medical staff, to provide patients with core CVD risk management advice prior to discharge.
From January 2004 a modified version of PREDICT-CVD was implemented in the CCU of Middlemore Hospital (known as 'Acute PREDICT'). The programme was available on all the CCU computers via the secure hospital intranet and communicated with a decision support server within CMDHB Information Technology services. The CCU team were encouraged to use Acute PREDICT to assess individual patients admitted with an acute ischaemic event when the patient was in a stable condition (usually on day two of admission). Patients who were clinically unstable or in whom there were other clinical reasons why standard guideline-based advice may not be appropriate including terminal illness or dementia, were considered ineligible for the programme.
Acute PREDICT was a "stand-alone" programme with all data items (sociodemographic, CVD risk factors and management variables e.g. current medications) having to be manually entered. The ward clerk entered the demographic details on admission whilst all the required clinical details were subsequently entered by the CCU team. This data was electronically sent to the central server and within seconds the clinician received evidence-based patient-specific risk management recommendations and individualised patient advice derived from current New Zealand CVD guidelines. Each time Acute PREDICT was used, an electronic CVD profile was stored.
An implementation team was formed including representatives from all key areas (head of cardiology, coronary care unit charge nurse, educator, senior nurses, current cardiology house surgeon, nurse specialists, software developer, and ward clerk). This group met monthly to identify problems, and brainstorm solutions that were implemented, and evaluated at monthly intervals in a continuous quality improvement process or PDSA (Plan, Do, Study, and Act) cycle [10] .
A key challenge was ensuring the electronic system was used by busy nurses with varying levels of computer literacy. A recent meta analysis identified many of the key factors in implementing CDSS that favourably change clinical practice [11] and this was kept in mind as acute PREDICT developed. The system had to be simple, quick and be seen as being useful. Some key user led improvements to the system included;
• improving look, feel and layout, • simplifying and agreeing a workflow process, • one on one training by clinical champions, • addition of action text boxes and subsequently coded action responses to allow the templates to function as an electronic clinical record, • creating monthly reports based on the CVD risk information and clinical actions to facilitate audit and provide staff with feedback, • developing an electronic resource library with access to over 100 electronically stored, printable patient resources.
Each suggested change in the system was trialled by users on a test server.
Demographic and socioeconomic determinants of screening
The demographic and socioeconomic characteristics of patients admitted to CCU with an acute CVD-related diagnosis, who received an Acute PREDICT assessment were compared with those who were not assessed. Local health board data was used to identify all those patients admitted to CCU from 1 July 2004 to 30 June 2006, who would be potentially 'eligible' for Acute PREDICT assessment. The first completed PREDICT profile for each patient during this time period was identified. The presence of an acute CVD diagnosis was established using discharge data from the index admission. A history of CVD was established from admissions over the previous 5 years, using the international statistical classification of diseases 10th revision (ICD-10) [12] discharge codes for coronary heart disease, ischaemic stroke, atherosclerotic cerebrovascular disease or peripheral vascular disease, congestive cardiac failure or a procedure code for these conditions [13] . The full set of ICD codes is available from the authors on request.
An acute CVD-related event was defined as;
• all people who had been discharged from MMH CCU from 1 July 2004 to 30 June 2006 with a CVD primary discharge code; • or without an ischaemic CVD primary discharge code but who had had a CVD primary discharge code in the previous five years (1999-2004); • or who had no current or previous primary discharge code but had been assessed in CCU using PREDICT and recorded as having had a cardiovascular disease event.
For the purposes of this audit, all patient data was anonymised using processes approved by New Zealand Health Information Services, but was linked through an encrypted National Health Information Index (NHI) number.
Demographic data collected included age, gender, ethnicity, and the NHI. For these analyses ethnicity was categorised in four groups: New Zealand Māori, Pacific, South Asian, Other Asian and European/other. A measure of socioeconomic status was based on the domicile code for each patient obtained from the hospital information system. The NZDep2001 is a small area index of deprivation that provides a score for each census meshblock in New Zealand based on nine variables (material and social domains of deprivation) from the 2001 Census [9, 10] . The domicile code was linked to the New Zealand Deprivation 2001 (NZDep2001) index and analysed by decile of deprivation from 1 (least deprived) to 10 (most deprived). The NZDep was unavailable for 11 patients.
All analyses were conducted using SAS Version 9.1. The study was approved as an audit by Northern X Regional Ethics Committee (AKY/03/12/314). The investigation conforms with the principles of outlined in the declaration of Helsinki (BMJ 1964:ii;177).
Results

Between 1 July 2004 and 30 June 2006, 1813/2246 (81%) of people admitted to Middlemore Hospital Coronary Care
Unit met the definition of potential eligibility for an Acute PREDICT assessment. Of the 1813 potentially eligible people, 70% were men and 81% less than 75 years of age. By ethnicity categories, 60% were European and Other, 13% Māori, 16% Pacific, 8% South Asian and 3% were Other Asian.
A completed Acute PREDICT assessment was identified for 973/1813 patients (54%). Table 1 shows a comparison by age, gender, ethnicity, deprivation and previous CVD-related admissions between those assessed and those potentially eligible but not assessed. There were no statistically significant differences between the two groups by quintile of deprivation or ethnicity group. An Acute PREDICT assessment was less likely for the elderly (35.7% of people N 75 years compared with 57.7% of those younger than 75 years), for women (47.1% of women compared with 56.5% of men), and for those who had 5 or more previous admissions. The patterns were the same for first admissions to the coronary care unit with an ischaemic event for subsequent admissions. After adjusting for both number of previous admissions and age, men still were more likely to have an assessment than women (OR 1.37; 95% confidence interval 1.12-1.69).
Discussion
In a two year period following the implementation of a CVD prevention programme and a CCU team awareness campaign, over half the people admitted to the Middlemore Hospital CCU with an acute CVD-related event had been assessed using Acute PREDICT. Patients were equally likely to be assessed irrespective of their ethnicity or socioeconomic status. However they were less likely to have a completed assessment if they were women, elderly or had had over 5 previous admissions with an acute ischaemic cardiovascular event.
In New Zealand there are marked differences in age adjusted CVD mortality in Māori, Pacific and patients from lower socioeconomic groups. Internationally, there is evidence that attendance at cardiac rehabilitation post myocardial infarction is less in ethnic minorities and those from poorer areas who would benefit most [5, 7] . Furthermore there is evidence in New Zealand and elsewhere that there are inequalities in access to invasive management of CVD according to ethnicity [14, 15] and socioeconomic status [16] . A critical step in correcting these inequalities is systematic access to in-hospital CVD risk management, to ensure that patients leave hospital with appropriate knowledge about CVD risk factors and their management. By supporting the CCU team to rapidly and comprehensively provide core CVD risk management advice and personalised written information, PREDICT allows the cardiac rehabilitation nurse more time to focus on patients for whom their skills are most needed.
Use of the Acute PREDICT program in the Middlemore CCU has helped to provide patients with access to individualised Phase I rehabilitation regardless of ethnicity or socioeconomic status. The guideline-based in-hospital CVD risk management provided by Acute PREDICT is not appropriate for all patients and clinical judgement was paramount in determining the appropriateness, timeliness and relevance of using it for each patient. It is perhaps not surprising therefore that those over 75 years and those who had been admitted five or more times with an acute ischaemic event would be less likely to have a completed assessment. These patients tend to be sicker and have a higher burden of comorbidity and decisions about their rehabilitation need to be more individualised. Of concern however, is that even after controlling for age and number of prior admissions, women were less likely to have a PREDICT assessment. This is of particular concern given the evidence that women presenting with MI in New Zealand are also less likely to be referred to out-patient cardiac rehabilitation [6] and there is international evidence that women receive less aggressive management than men [17] . Although the difference in Acute PREDICT use between men and women was relatively small, closing this gap must be a priority for future program development.
Introducing new technology adds to the workload within a busy CCU. Staff were encouraged to complete a PREDICT assessment on all patients admitted with an acute ischaemic episode. However in this unit, new patients are being admitted around the clock, other patients are being referred for coronary interventional or angiographic procedures and others are critically ill with multiple comorbidities. There are many nursing and junior medical staff involved in patient care with high turnover of staff. The involvement of the junior CCU team in the development of acute PREDICT and regular discussion and feedback created a sense of ownership and pride in the project which local surveys suggest encouraged use of the system.
Limitations
We were unable to accurately determine what proportion of potentially eligible CCU patients, who did not receive a PREDICT assessment, were missed or actually ineligible for some other reason e.g. early discharge, staff unavailablity. Local surveys suggest that aproximately 20% of these patients may not have been eligible for PREDICT leaving 20 to 30% who are eligible but were not screened. A key goal of ongoing development is to close this gap. In addition, the Acute PREDICT Initiative does not currently reach patients admitted with ACS to a general medical ward, rather than CCU. Such patients could potentially be identified by daily screening of patients with positive cardiac enzyme results from the laboratory database. The impact of the PREDICT programme on CVD event rates has yet to be assessed but will be a goal of future research.
Whilst the decision support program used is based on New Zealand national guidelines, it could be readily adapted for the very similar guidelines in other countries. The implementation process could be duplicated in any CCU where there is a strong nursing interest in improving the quality of cardiac rehabilitation.
Conclusions
Systematic, patient-specific, guideline-based CVD risk management can be delivered equitably to patients regardless of ethnicity or socioeconomic status by CCU nursing and junior medical staff using a computerised decision support system. However, some other high-risk groups under-utilised the system. The key priority for system improvement is to increase overall utilisation of PREDICT rather than needing to target specific at-risk groups.
